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(57)  This invention refers to a method for manufac-

turing SOl wafers by combination of ion implantation with

bonding process, wherein one forms an etch-stop layer

by adopting ion implantation process, then bond the de- @
vice wafer and handle wafer together, thin the device
wafer to certain thickness and use the implanted layer in
device wafer as etch stop layer, from where the etch au-
tomatically stops when one use chemicals etches the
device wafer. Subsequently one does fine polishing with
or oxidizes the remaining silicon to obtain an SOI wafer.
Under this invention, the thickness of buried oxide can
be adjusted in a wider range while the ion implanted layer ©
acting as etch stop layer can help precisely control the

thickness and uniformity of active layer, which enhances

the uniformity of active layer and facilitates the adjust-

ment of buried oxide layer.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a process for manufac-
turing silicon-on-insulator, and more particularly, to a
process for manufacturing silicon-on-insulator which
combines ion implantation technology with bonding and
thinning backside technology.

DESCRIPTION OF THE RELATED ART

[0002] Silicon-on-insulator(SOI) has been widely used
in aeronautic and astronautical fields, military electron-
ics, portable communication devices etc. due to its ad-
vantageous properties of high speed, low power and anti-
radiation etc., and is considered as a technology of next
generation silicon integrated circuit(IC), thereby attract-
ing more attentions(see J.P.Colige, Silicon on Insulator
Technology, Material of VLSI, Kulwer Academic Public-
tion 1991). With the fast development of automotive elec-
tronics IC, audio power amplifier IC and lighting devices
etc., there is an increasing demand for power devices.
The application of SOI substrates to power devices has
arrested much attention due to its outstanding insulation
property (see F. Udrea, D. Garner, K. Sheng, A.Popescu,
H.T.Limand W.I. Milne, SOl Power Devices, Electronics
and communication Engineering Journal, Feb. 2000,
p27).

[0003] Separation by Implanted Oxygen (SIMOX)
technology and Bonding and Thinning backside technol-
ogy are two of the mainstream SOl fabrication methods
available nowadays. In the SIMOX, an SOI structure is
formed by implanting high dose oxygen ions into monoc-
rystalline silicon wafers and forming a buried, insulating
silicon dioxide (SiO,) layer (BOX) after performing a high
temperature annealing on the monocrystalline silicon wa-
fers. In the Bonding and thinning backside technology,
an SOl structure is formed by bonding one thermally ox-
idized silicon wafer with a bare silicon wafer and then
thinning a backside of the wafer to a desired thickness.
[0004] In the SIMOX process, oxygen ions with high
energy (20-300KeV) and high dosage (1017-1018cm-2)
are implanted into a silicon wafer, and a rich-oxygen area
is generated at a certain depth in the silicon wafer and
then a SiO, layer buried in the silicon wafer(i.e. BOX
layer) is formed after performing a high temperature an-
nealing. In the SIMOX process, the adjustable thickness
ranges of the BOX layer and a top silicon layer (active
layer) are limited by the energy and dose of the implanted
ions. The maximum thickness of BOX layer will not ex-
ceed 400nm while the maximum thickness of the top sil-
icon layer is about 300nm. Further, in the SIMOX proc-
ess, the BOX layer is formed by performing a high tem-
perature annealing to facilitate the oxygen aggregation
into nucleus, which makes the insulation property of the
BOXlayer inferior to that of SiO, layer formed by thermal
oxidation. These disadvantages impede SIMOX applica-
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tions in terms of thick BOX layers (>400nm) and thick top
silicon layers (>300nm).

[0005] The bonding and thinning process involves
bonding one silicon wafer with a surface covered by a
thermal oxidation layer to another bare silicon wafer, and
thinning the backside of the bonded silicon wafer to a
desired thickness. In the bonding and thinning process,
the quality of BOX layer can be well controlled whereas
the thickness of a top silicon layer (active layer) can hard-
ly be controlled precisely. J.W. Neuner employed a plas-
ma-aided chemical etching method to thin the top silicon
layer, which achieved a top silicon layer with a thickness
of 1Tum and an uniformity within =0.1 um (see J.W. Ne-
uner, A.M. Ledger, S.K.Schilb, and D.P.Mathur, Im-
proved Uniformity in Bonded SOl wafers with Active Lay-
ers from 1 to 30 wm at high throughputs, Proceedings
1998 IEEE International SOI Conference, Oct. 1998, p.
169-170). However, it becomes more and more difficult
to obtain a thinner thickness and better uniformity by
means of polishing or etching the top silicon layer. These
disadvantages also impede the application of the bond-
ing and thinning process in fields that require high uni-
formity.

[0006] Based on the conventional bonding and thin-
ning process, the France-based SOITEC proposed a
new technology called Unibond. One of the key steps in
this process involves forming a bubble layer by implant-
ing hydrogen ions in a wafer. This bubble layer splits
automatically during a subsequent annealing process,
as a result of which the SOI uniformity as well as the
thickness of the top silicon layer is precisely controlled
prior to polishing which is determined by the uniform hy-
drogen ions implantation.

SUMMARY OF THE INVENTION

[0007] The invention relates to a process for manufac-
turing silicon-on-insulator (SOI) wafers, which combines
ion implantation process with bonding and thinning proc-
ess and has the following advantages: the thickness of
the top silicon layer is thin, and the uniformity of which
can be well controlled by oxygen ion implantation, while
the thickness of BOX layer can be adjusted in a large
range feasibly by thermal oxidation process and the in-
sulation property of which is good, thereby achieving a
high quality SOI wafers with a feasible BOX layer thick-
ness and a good uniformity of the top silicon layer.

[0008] This invention comprises the following steps:
First, forming a device wafer by an ion implantation proc-
ess (In the case of requiring a thick top silicon layer, an
epitaxial layer has to be grown on the implanted wafer
or an epitaxial layer is grown on the top silicon layer upon
completion of a final process. In these cases, the wafer
is still called device wafer), bonding the device wafer (or
device wafer with an oxidation layer) to a handle wafer
(or an oxidation handle wafer), performing an annealing
on the resultant wafer in an atmosphere of oxygen or
water vapor to strengthen the bonding, then etching the
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device wafer by grinding and etching processes until the
implanted layer (i.e. an etching stop layer) is exposed,
subsequently etching out the etching stop layer followed
by performing a fine polishing or oxidation treatment on
the top silicon layer, thereby forming a finished SOl wafer.
The final thicknesses of the BOX layer and the top silicon
layer are depended on the thicknesses of the oxidation
layer and the implantation depth (or the thickness of the
epitaxial layer) of the device wafer respectively.

[0009] In details, the method for manufacturing SOI
wafers according to the invention includes the following
steps:

[1] Implanting ions: implanting ions into the semicon-
ductor materials to form an ion implanted layer by
an appropriate ion implantation process;

[2] Performing a high temperature treatment on the
ion implanted wafer to form an etching stop layer for
a subsequent etching process;

[3] Using the aforementioned wafer (which under-
goes implantation and annealing process or has an
epitaxial layer) as a device wafer;

[4] Insulating the device wafer or a handle wafer in
accordance with the requirement for a buried layer
(insulation layer) thickness;

[5] Bonding the device wafer to the handle wafer;
[6] Annealing the bonded wafer;

[7] Polishing the backside of the device wafer to a
certain thickness;

[8] Etching the device wafer until the ion implanted
layer is exposed fully;

[9] Removing the ion implanted layer;

[10] Performing a fine polishing or oxidation process
on the remaining top silicon layer to achieve a de-
sired thickness.

[0010] The above-mentioned semiconductor material
can be one of silicon, gallium arsenide (GaAs), indium
phosphide, and germanium(Ge).

[0011] The aforesaid device wafer is fabricated by ion
implantation process. The ion can be nitrogen(N) ion,
oxygen(O) ion or other ions. The ions is selected in such
a way that the ion layer implanted layer can act as an
etching stop layer. O ion is preferred.

[0012] Theimplantation energy of ions ranges from 10
KeV to 500 KeV, preferably from 70 KeV to 250 KeV, and
the implantation dose of ions ranges from 1E15/cm? to
1E19/cm?, preferably from 5E16/cm?2 to 2E18/cm?2.
[0013] The implanted depth of ions ranges from 500
to 10000 angstroms(A), and the ion implantation process
may be performed at a constant temperature or a varying
temperature, which ranges from 20 to 700°C .

[0014] The aforesaid implantation can performed by
using the well-established SIMOX implanter based on
SIMOX process.

[0015] The process conditions for the SIMOX process
are as follows: the implantation energy of oxygen ions
ranging from 30 KeV to 250 KeV, preferably from 70 KeV
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to 250 KeV, and the implantation dose of oxygen ions
ranging from 5E16/cm2 to 2E18/cm?2 preferably from
5E16/cm2 to 7E17/cmZ2, an preferred implantation depth
ranging 1000 to 5000 A and an implantation temperature
ranging from 20 to 550°C.

[0016] The aforesaid device wafer can be subjected
to a subsequent treatment (including a high temperature
annealing) for the purpose of making the interface of the
implanted layer and non-implanted layer precipitous,
which facilitates the stop of chemical etching at the inter-
face.

[0017] The aforesaid subsequent high temperature
annealing process can be performed at a temperature
ranging from 600 to 1500°C, in aramp up/down rate rang-
ing from 0.5 to 10°C/minute under an atmosphere of
mixed gases of oxygen and argon or oxygen and nitro-
gen, in which the oxygen concentration ranges from 0%
to 100%.

[0018] The aforesaid device wafer can not be subject-
ed to the subsequent treatment, provided that the im-
plantation dose is large and an etching stop layer can be
formed against some particular chemical etching without
a subsequent high temperature annealing.

[0019] The aforesaid device wafer can be formed by
performing a high temperature annealing on the implant-
ed wafer followed by removing the surface SiO, layer or
without removing the same; the SiO, layer formed by the
high temperature annealing can be removed by using a
commonly used dilute solution of HF in the art. If the SiO,
layer is not removed, it will become a part of the buried
SiO, layer of finished SOl wafer.

[0020] The subsequent high temperature annealing
can be performed at a temperature ranging from 1100°C
to 1350°C , preferably in an atmosphere containing an
oxygen concentration ranging from 0% to 60%.

[0021] The aforesaid etching process may be a chem-
ical etching or a plasma etching or any other method that
enables etching stop at the ion implantation layer.
[0022] Dependingontherequirementforthe top silicon
layer thickness, the surface SiO, layer can be removed
firstly and then an epitaxial layer can be grown to a certain
thickness by an epitaxial method, i.e., an epitaxial layer
is formed on the top silicon layer of the initial implanted
wafer. The epitaxial process can be a conventional proc-
ess commonly used in the semiconductor industry. The
epitaxy can either be homogeneous or heterogenous.
The epitaxial layer can be P- or N- type and can be doped
with phosphor or boron or others dopants.

[0023] The aforesaid insulation layer resulting from in-
sulation treatment or oxidation treatment will serve as
the buried layer of the final SOl wafers.

[0024] The aforesaid insulation layer can be made of
SiO, silicon nitride (SizN,) or other material that has in-
sulation property. The insulation treatment can be carried
out on the device wafer or the handle wafer or on both.
[0025] The aforesaid insulation treatment refers to a
method for growing insulation layer, such as an oxidation
method for growing SiO, or a nitridation method for grow-
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ing SisNy4. SiO, is usually used as an insulation layer, So
the thus formed insulation layer acts as aburied layer of
the final SOl wafer. The thickness of the buried SiO, layer
ranges from 0.1 to 5 um. The total thickness of the device
wafer, the handle wafer and the buried SiO, layer is the
thickness of the final SOI wafer.

[0026] The aforesaid oxidation process can be a con-
ventional process commonly used in IC industry, such
as dry oxygen oxidation process or dry oxygen-wet oxy-
gen-dry oxygen oxidation process.

[0027] The aforesaid oxidized silicon can be grown on
the device wafer or the handle wafer.

[0028] SiO,layeris usually used as aninsulation layer.
[0029] The device wafer and the handle wafer are
bonded by a bonding process.

[0030] The bonding process can be performed by us-
ing the EVG bonding machine manufactured by EVG
Group or using other types of bonding machines, and
usually at room temperature. A plasma-assisted bonding
process can be used for this purpose at room tempera-
ture.

[0031] The aforesaid annealing can be performed in
an atmosphere containing oxygen, which can be either
dry oxygen, wet oxygen or a mixed gas.

[0032] The aforesaid annealing can be performed at a
temperature ranging from 200°C to 1400°C for a period
from 0.5 hour to 15 hours.

[0033] Preferably, the aforesaid annealing can be per-
formed at a temperature ranging from 1000°C to 1250°C
for a period from 2 hours to 6 hours in a wet oxygen
atmosphere.

[0034] The aforesaid single side thinning can be per-
formed by a grinder or other machines that enable a sil-
icon wafer thinning. The thickness after thinning ranges
from 1 pm to 100 pwm, preferably from 3 pum to 30 pm.
[0035] Inthe etching process, the etch selectivity ratio
of material to be etched to the ion implanted layer should
be large enough to make the etching stop at the ion im-
planted layer.

[0036] The etchant used in the aforesaid etching proc-
ess may include potassium hydroxide (KOH), Tetrame-
thyl Ammonium Hydroxide (TMAH) or other chemicals
that has large etch selectivity ratio of silicon to the ion
implanted layer.

[0037] In general, KOH solution or TMAH solution is
selected as an etchant to etch silicon. The ratio of chem-
ical (such as KOH or TMAH) to deionized water in the
etchant is 1:1000, preferably from 1:1 to 1:100. When
etching, it needs heating the etchant to a temperature
ranging from 25°C to 200°C , preferably from 50°C to
150°C.

[0038] In addition to the aforesaid etching method, the
implanted layer can also be removed directly by a pol-
ishing method.

[0039] Theimplantedlayercanberemoved by achem-
ical etchant selected appropriately. If the implanted layer
is SiO,, layer, HF solution can be selected as the chemical
etchant.
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[0040] Inthe HF solution, the ratio of solute to solvent
ranges from 1:1 to 1:2000, preferably from 1:10 to 1:100.
[0041] Chemical Mechanical Polishing (CMP) or oxi-
dation can be selected as a fine polishing process to ad-
just the thickness of the top silicon layer in the final SOI
wafer and achieve a more smooth surface. The thickness
of silicon layer removed by CMP ranges from 300A to
5000A, preferably from 300A to 3000A. The thickness of
silicon layer removed by oxidation ranges from 300A to
10000A and preferably from 300A to 5000A.

[0042] A top silicon layer in the nano scale can be
achieved in the implanted wafer formed by an implanta-
tion process. The minimum thickness of the top silicon
layer can be 30nm, and thickness uniformity is excellent
with a thickness deviation of = 10nm. The thickness and
uniformity can not be achieved by bonding and thinning
process singly. When a SOl wafer is formed by bonding
and thinning process singly, the thickness of BOX layer
in the SOI wafer can be adjusted in a wider range since
it is produced by a thermal oxidation process.

[0043] Thisinvention combines the advantages of both
processes above. In the SOl wafers fabricated according
to the present invention, the BOX layer formed by a ther-
mal oxidation process has good insulation property and
an adjustable, uniform thickness (in arange of 0~5.0.m),
and the top silicon layer is a transplanted layer from an
implanted wafer or an implanted wafer with an epitaxial
layer. The etching stop layer of the implanted wafer en-
sures the thickness and uniformity of the top silicon layer
prior to a final fine polishing (thickness uniformity is ex-
cellent with a thickness deviation of = 10nm), and there-
fore the final thickness deviation of the SOI wafer can be
controlled within = 0.05um.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

Fig. 1 is a flow diagram illustrating a method of man-
ufacturing a SOI wafer according to a first embodi-
ment of the present invention, wherein:

a. Implanting ions

b. Performing a high temperature annealing
process to form a etching stop layer

c. Forming a device wafer

d. Oxidizing a handle wafer

e. Bonding the device wafer to the handle wafer
f. Oxidizing the bonded wafer

g. Back grinding the device wafer and thinning
the thickness thereof to a certain thickness

h. Etching the device wafer until the ion implant-
ed layer is expose fully

i. Removing the ion implanted layer

j- performing a fine polishing on the remaining
top silicon layer to form a finished SOI wafer

Fig.2 is a flow diagram illustrating a method of man-
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ufacturing a SOl wafer according to a second em-
bodiment of the present invention, wherein:

a. Implanting ions

b. Performing a high temperature annealing
process to form a etching stop layer

c. Removing the oxide layer formed by the high
temperature annealing process on the surface
d. Growing an epitaxial layer on a device wafer
e. Oxidizing a handle wafer

f. Oxidizing the device wafer with an epitaxial
layer

g. Bonding the device wafer to the handle wafer
h. Oxidizing the bonded wafer

i. Back grinding the device wafer and thinning
the thickness thereof to a certain thickness

j- Etching the device wafer until the ionimplanted
layer is expose fully

k. Removing the ion implanted layer

I. performing a fine polishing on the remaining
top silicon layer to form a finished SOI wafer

Fig 3 is a diagram illustrating the test results for the
thickness and uniformity of SOl wafers according to
the first embodiment of the present invention.

Fig 4 is a diagram illustrating the test results for the
thickness and uniformity of SOl wafers according to

the second embodiment of the present invention.

SPECIFIC EMBODIMENTS OF THE INVENTION

[0045] The above objects, features and advantages of
the present invention will become better understood with
respect to the following description of the preferred em-
bodiments given in conjunction with the accompanying
drawings. But the embodiments are only illustrative but
nor limitative.

First Embodiment
[0046]

Step 1: Implanting oxygen ions into the prime pol-
ished wafer 10 with an energy of 190KeV and a dose
of 3E17/cm? at a temperature of 300°C , and the
implanted layer is marked as 11.

Step 2: Annealing the implanted wafer at a temper-
ature of 1330°C in an argon atmosphere containing
0.5% oxygen.

Step 3: obtaining a wafer 10 having an etching stop
layer, wherein the thickness of the top silicon layer
isabout230*5nm, the buried layeris about 90 £5nm
and the surface SiO, layer is 400=5nm. The implant-
ed layer 11 turns into an etching stop layer 12 (i.e.
the buried layer). The top silicon layer, the surface
SiO, layer are marked as 13 and 14 respectively.
Step 4: Oxidizing a silicon wafer 20. The thickness
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of the resultant oxidation layer is about 600+=5nm
and is marked as 21.

Step 5: Bonding the silicon wafer 10 to the silicon
wafer 20, followed by an annealing process at a tem-
perature of about 1150°C. The bonded wafer is ox-
idized by water vapor for 3 hours.

Step 6: Thinning the annealed wafer 10 at backside
by a grinding machine, the remaining wafer has a
thickness of 15 micron (wm), and is marked as 15.
Step 7: Etching the thinned wafer by KOH etchant
at a temperature of 70 °C for about 25 minutes to
remove the remaining wafer 15, wherein the mass
ratio of deionized water to KOH in the etchantis 1:20.
Step 8: Rinsing the resultant wafer in the 1:10 HF
solution for 30 seconds to remove the etching stop
layer 12.

Step 9: Polishing the top silicon layer 13 by a CMP
machine until about 50nm thickness is removed. The
remaining top silicon layer is remarked as 16.

[0047] After the above steps, a SOI wafer is obtained
with parameters as follows: the top silicon layer 16 has
a 195.3 nanometers (nm) thickness and has an excellent
uniformity with a thickness deviation of £2.7nm. The bur-
ied layer is the sum of 14 plus 21, with a total thickness
of 1000=10nm. The test data for uniformity of the top
silicon layer 16 is shown in Fig. 3.

Second Embodiment
[0048]

Step 1: Implanting oxygen ions into the prime pol-
ished wafer 10 with an energy of 190KeV and a dose
of 2.5E17/cm? at a temperature of 300°C, and the
implanted layer is marked as 11.

Step 2: Annealing the implanted wafer at a temper-
ature of 1330°C in an argon atmosphere containing
oxygen.

Step 3: obtaining a wafer 10 having an etching stop
layer, wherein the thickness of the top silicon layer
isabout230+5nm, the buried layeris about 90=5nm
and the surface SiO,, layer is 400=5nm. The implant-
ed layer 11 turns into an etching stop layer 12 (i.e.
the buried layer). The top silicon layer, the surface
SiO, layer are marked as 13 and 14 respectively.
Step 4: Cleaning the wafer 10 and removing the sur-
face SiO, layer 14, and then growing an epitaxial
layer which has a thickness of 1.40pm and is marked
as 31.

Step 5: Oxidizing the wafer 10 with the epitaxial layer
31 at a temperature of 1000°C . The resultant oxi-
dation layer has a thickness of 200nm=10nm, and
is marked as 17.

Step 6: Oxidizing a silicon wafer 20. The thickness
of the resultant oxidation layer is about 600*=5nm
and is marked as 21.

Step 7: Bonding the silicon wafer 10 to the silicon
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wafer 20, followed by an annealing process at a tem-
perature of about 1150°C. The bonded wafer is ox-
idized by water vapor for 3 hours.

Step 8: Thinning the annealed wafer 10 at backside
by a grinding machine, the remaining wafer has a
thickness of 15 micron (uwm), and is marked as 15.
Step 9: Etching the thinned wafer by KOH etchant
at a temperature of 70 °C for about 25 minutes to
remove the remaining wafer 15, wherein the mass
ratio of deionized water to KOH in the etchantis 1:20.
Step 10: Rinsing the resultant wafer in the 1:10 HF
solution for 30 seconds to remove the etching stop
layer 12.

Step 11: Polishing the epitaxial layer 31 by a CMP
machine until about 100nm thickness is removed.
The remaining epitaxial layer is remarked as 18.

[0049] After the above steps, a SOI wafer is obtained
with parameters as follows: the epitaxial layer 18 has a
1.548 pum thickness and has an excellent uniformity with
a thickness deviation of =21.5nm. The buried layer is
the sum of 17 plus 21, with a total thickness of
1000=10nm. The test data for uniformity of the epitaxial
layer 18 is shown in Fig.4.

[0050] While the presentinvention has been described
with respect to certain preferred embodiments, it will be
apparent to those skilled in the art that various changes
and modifications may be made without departing from
the spirit and scope of the invention as defined in the
following claims.

Claims

1. A process for manufacturing a silicon-on-insulator
(SOIl) wafer, characterized in that firstly forming a
device wafer by anionimplantation process, or form-
ing a device wafer either by growing an epitaxial layer
on an ion implanted wafer or by growing an epitaxial
layer on a top silicon layer upon completion of a final
process; then bonding the device wafer or oxidized
device wafer to a handle wafer or an oxidized handle
wafer; annealing the resultant wafer to strengthen
the bonding; then etching the device wafer by grind-
ing and etching until the implanted layer is exposed;
removing the etching stop layer followed by perform-
ing a fine polishing or oxidation treatment on the top
silicon layer, thereby forming a finished SOI wafer;
the thickness of the buried insulation layer and the
thickness of the top silicon layer in the finished SOI
wafer are determined by the thickness of the oxida-
tion layer and the thickness of the implantation depth
or the thickness of the epitaxial layer of the device
wafer respectively.

2. A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 1, comprising:
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[1] Implanting ions into a semiconductor wafer
toform anion implanted layer, wherein the sem-
iconductor wafer is made of silicon, gallium ar-
senide (GaAs), indium phosphide, or germani-
um(Ge);

[2] Performing a subsequent high temperature
treatment on the ion implanted wafer to form an
etching stop layer for a subsequent etching proc-
ess;

[3] Directly using the implanted and subsequent-
ly processed wafer as a device wafer, or growing
an epitaxial layer on the wafer and using the
same as a device wafer;

[4] Insulating the device wafer or a handle wafer
in accordance with the requirement for the thick-
ness of a buried insulation layer by a high tem-
perature annealing, etching or epitaxial growing
process, wherein the temperature annealing
process is performed at a temperature of
600~1500 °C in an atmosphere of mixed gases
of oxygen and argon gas, or oxygen and nitro-
gen gas, the etching process includes a chem-
ical etching or plasma etching process;

[5] Bonding the device wafer to the handle wafer;
[6] performing an annealing process on the
bonded wafer at a temperature of 500~1400°C
in a dry oxygen atmosphere, a wet oxygen at-
mosphere or a mixed atmosphere containing ox-
ygen for 0.5~1.5hours;

[7] Back grinding (single sided grinding) the de-
vice wafer to thin the thickness thereof to
1~100pm;

[8] Etching the device wafer until the ion implant-
ed layer is entirely exposed;

[9] Removing the ion implanted layer by an etch-
ing or a polishing process;

[10] Performing a fine polishing or oxidation
process on the remaining top silicon of the de-
vice.

3. A process for manufacturing a silicon-on-insulator
(SOIl)waferas claimedin claim 1 or 2, characterized
in that the ion implantation is performed at an ion
implantation energy ranging from 10 KeV to 500
KeV, with a dose from 1E15/cm? to 1E19/cm2, and
an implantation depth from 500 to 10000 A and an
implantation temperature from 20 to 700°C .

4. A process for manufacturing a silicon-on-insulator
(SOIl)waferas claimedin claim 1 or 2, characterized
in that the implantation energy of the ions ranges
from 70 KeV to 250 KeV, and the implantation dose
of the ions ranges from 5E16/cm?2 to 2E18/cmZ.

5. A process for manufacturing a silicon-on-insulator
(SOIl)waferas claimedin claim 1 or 2, characterized
in that the oxygen ion implantation is performed by
using a SIMOX process.
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A process for manufacturing a silicon-on-insulator
(SOIl) wafer as claimed in claim 3, characterized in
that the implantation dose ranges from 5E16/cm?2 to
7E17/cm?2, the implantation depth ranges from 1000
to 5000 A, and the implantation temperature ranges
from 20 to 550°C.

A process for manufacturing a silicon-on-insulator
(SOIl) wafer as claimed in claim 2, characterized in
that the subsequent high temperature treatment is
performed at a temperature ranging from 600 to
1500°C under an atmosphere of mixed gases of ox-
ygen and argon gas, or oxygen and nitrogen gas, in
which the oxygen concentration ranges from 0% to
100%.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 7, characterized in
that the subsequent high temperature treatment is
performed at a temperature ranging from 1100°C to
1350°C in an atmosphere containing an oxygen con-
centration ranging from 0% to 60%.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that depending on the requirement for the top silicon
layer thickness, the surface SiO, layer is removed
firstly, and then an epitaxial layer is grown on the top
silicon layer to a certain thickness by an epitaxial
process, the epitaxial process can be a conventional
process commonly used in the semiconductorindus-
try; the epitaxy is a homogeneous or heterogenous
epitaxy; and the epitaxial layer is P- or N- type and
is doped with phosphor or boron or others dopants.

A process for manufacturing a silicon-on-insulator
(SOIl) wafer as claimed in claim 2, characterized in
that during the subsequent high temperature treat-
ment, the temperature increases from room temper-
ature to a temperature of 1350°C at a rate of 0.5°C
/minute to 10°C /minute in a atmosphere of mixed
gases of oxygen and argon gas, or oxygen and ni-
trogen gas that contains an oxygen concentration of
0-100%; the temperature decreases from a temper-
ature of 1350°C to room temperature at a rate of
0.5°C /minute to 10°C /minute in an atmosphere of
mixed gases of oxygen and argon gas, or oxygen
and nitrogen gas that contains an oxygen concen-
tration of 0-100%.

A process for manufacturing a silicon-on-insulator
(SOl) wafer as claimed in claim 2, characterized in
that during the subsequent high temperature treat-
ment, the temperature can increase/decrease in a
single temperature ramp up/down step, or in multiple
temperature ramp up/down steps.

A process for manufacturing a silicon-on-insulator
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(SOI) wafer as claimed in claim 2, characterized in
that after the step (1) and (2), the etching stop layer
resulted from the ion implantation process has a
thickness from 200A to 50004, the surface SiO, lay-
er has a thickness from 1000A to 15000A and the
top silicon layer has a thickness from 200A to 4000A.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2 or 12, character-
ized in that after the step (1) and (2), the etching
stop layer resulted from the ion implantation process
has a thickness from 500A to 1500A, the surface
SiO, layer has a thickness from 1500A to 10000A.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that the device wafer is formed by performing a high
temperature annealing on the implanted wafer fol-
lowed by removing the surface SiO, layer or not re-
moving the same; if the SiO, layer formed by the
high temperature annealing is removed, it can be
removed by using a commonly used dilute solution
of HF in the art; If the SiO, layer is not removed, it
will become a part of the buried SiO, layer of finished
SOl wafer.

bA process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that an insulation layer is formed by the insulation
treatment or oxidation treatment, the insulation layer
is made of SiO,, SizN,, or other material having in-
sulation property, and the insulation treatment refers
to a method for growing an insulation layer, such as
an oxidation method for growing SiO, or a nitridation
method for growing SigNy.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that the insulation treatment is carried out on the
device wafer or on the handle wafer or on both.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 15, characterized
in that the oxidation process for the silicon wafer is
a dry oxygen oxidation process or dry oxygen-wet
oxygen-dry oxygen oxidation process used in IC in-
dustry.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 15, characterized
in that the thickness of the silicon wafer to be treated
in the oxidation process is from 0.1 to 5 um.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 15, characterized
in that the total thickness of the device wafer and
the handle wafer is the thickness of the final SOI
wafer.
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A process for manufacturing a silicon-on-insulator
(SOIl)waferas claimedinclaim 1 or 2, characterized
in that the annealing process is performed at a tem-
perature ranging from 200°C to 1400°C in an atmos-
phere containing oxygen, an atmosphere of dry ox-
ygen, an atmosphere of wet oxygen or an atmos-
phere of mixed gases for a period from 0.5 hour to
15 hours.

A process for manufacturing a silicon-on-insulator
(SOl) wafer as claimed in claim 20, characterized
in that the annealing process is preferably per-
formed at a temperature ranging from 1000°C to
1250°C in a wet oxygen atmosphere for a period
from 2 hours to 6 hours.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that the single side thinning is performed by a grinder
or other machines that capable of thinning a silicon
wafer, and the thickness after thinning ranges from
1 umto 100 pm.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 22, characterized
in that the thickness after thinning ranges from 3 um
to 30 pm.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that the etchant used in the etching process includes
a solution of potassium hydroxide (KOH), Tetrame-
thyl Ammonium Hydroxide (TMAH) or other chemi-
cals that have a large etch selectivity ratio to the ion
implanted layer and silicon.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 24, characterized
in that the ratio of KOH or TMAH to deionized water
inthe etchantis 1:1000, and the etching temperature
is in a range from 25 °C to 200°C .

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 25, characterized
in that the ratio of the chemical to deionized water
in the etchant is in a range from 1:1 to 1:100, and
the etching temperature is in a range from 50°C to
150°C..

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that in the step(9), the implanted layer is removed
by a etching process or directly by a polishing proc-
ess.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2 or 27, character-
ized in that the implanted layer is a SiO,, layer, and
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HF solution with a concentration from 1:1 to 1:2000
is selected as the etchant.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 28, characterized
in that the concentration of HF solution is in a range
from 1:10 to 1:100.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that in the step(10), the thickness of silicon layer
removed by CMP ranges from 300A to 50000A to
ensure the uniformity of the thickness of the final SOI
wafer.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 30, characterized
in that, the thickness of silicon layer removed by
CMP ranges from 300A to 3000A.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 2, characterized in
that in the step(10), the thickness of silicon layer
removed by oxidation treatment ranges from 300A
to 10000A.

A process for manufacturing a silicon-on-insulator
(SOI) wafer as claimed in claim 32, characterized
in that, the thickness of silicon layer removed by
oxidation treatment ranges from 300A to 5000A.
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